The prevailing consensus is that science teaching should be more student-centered and guide learners towards more phenomenon-based and authentic problem-solving activities. This approach is reflected in educational policies and recently reformed curricula. However, there is limited research on how these frameworks actually manifest in curricula and how to facilitate student-centered pedagogy. In this study, we examine the student-centered features of the curricula of two countries: Finland and Hong Kong. Student-centeredness in the classroom can be assessed using the principles of dialogicity. Dialogic principles underpin student-centeredness, particularly in teacher-orchestrated whole-class discussions. Dialogic interactions include mutual consideration of different and even diverging views. This study first reviews the dialogic themes in the curricula, then explores the ways in which student-centered approaches can be realized in practice by analyzing the dialogic interactions in two classroom examples. The dialogic themes identified in the curricula are considered in the context of the classroom examples. As science classroom interactions are still prevailingly teacher-centered and authoritative, the insights into alternative approaches generated by the examples are discussed. This study prepares the context for further discussion of curricular development, dialogicity and its implications for teaching and teacher education.
Introduction
"As a subject, health education is pupil-oriented and supports functionality and involvement. The starting point for the instruction must be the child or young person's daily living, growth, and development, and of course the human life span." [1] (p. 196) This sentence raises some questions relevant to this study: what subject is not pupil-oriented (Note: If directly translated from Finnish, student-centered would be a synonym) or student-centered? Which subjects are not concerned with daily life? For example, are scientific subjects not essential over the human lifespan? Thus, is it not crucial for scientific subjects, such as physics, to also proceed from students' everyday experiences towards more scientific explanations? In this study, we examine whether student-centeredness is truly present in school science curricula, particularly physics curricula. This is demonstrated through the application of the principles of dialogicity, which we consider capturing and explicating some of the essential features of student-centeredness.
Around the world, curricula are being reformed by more student-centered approaches to teaching and learning [2, 3] . Student-centeredness is understood as giving students active roles in classrooms and responsibility for their own learning. In science, this can be described as having the student do science rather than recreating science [4] . In this study of student-centeredness, the focus is on classroom interactions that allow student voices to be part of scientific meaning making. The aforementioned curricular reforms align with scholarly trends, which draw on sociocultural perspectives emphasising the role of verbal communication in learning [5, 6] . When addressing this co-construction, the focus is on exploring how the mutual acknowledgement of different voices, including student voices, can enrich teaching and learning. This acknowledgment is at the heart of dialogicity [7] followed by many researchers in education field [8] [9] [10] [11] .
Student-centeredness has reached the forefront of educational policy at the same time as it is becoming increasingly challenging to maintain students' interest and motivation, especially in learning scientific subjects [12] . Evidence shows that a more student-centered approach in teacher-orchestrated discussions can lead to increased student motivation and engagement [13] . In contrast, teacher-centered approaches, complemented by memorisation of fragmented knowledge, do not meet today's requirements: the surrounding world is rapidly changing, foregrounding the need for phenomenal and intersubject understanding of larger entities connected to everyday life [2] . Although curriculum documents address policies, expected goals, objectives and preferable pedagogies [14] and provide a lens through which educational actions can be evaluated [15] , how curricula could link to pedagogy in classrooms and teacher orientations is rarely reported [16] .
As Voogt and Roblin [17] state, if the levels of the intended, implemented and attained curriculum are not in balance, change is unlikely to occur. In this study, by drawing on key themes identified from curricula reform in Finland and Hong Kong, we identify explicit examples of student-centeredness, which are identified using features of dialogicity [10, 18] . Alexander's framework is well-known worldwide when interpreting classroom pedagogy [19] [20] [21] , yet the methodological applicability of Alexander's principles has been addressed in a limited manner [19] . Our aim is to apply Alexander's principles to analyze curricular documents and to illustrate these theoretical concepts of dialogic teaching/principles with examples of real classrooms.
Background and Rationale for the Study
The rationale for the study is related to the following question: why is it worthwhile to study the link between curricula and implementation? The answer is simple: without curricula, there would be no meaningful plan for implementation, and without implementation, curricula would have little if any meaning [22, 23] . Following Howell and Evans [23] , this study emphasizes the learning process rather than goals or summative assessments [22] . We are not seeking for causal link or effect of curricula on classroom interaction in this study. Instead, we provide two examples how themes found in curricula could manifest as dialogic practice in science classrooms, a form of interaction still infrequently found in science classrooms [20] .
The development of curricula in Finland and Hong Kong
The Finnish National Core Curriculum was recently renewed [1] and is currently being implemented for the first time (2016-2017). The core curriculum framework is a national framework complemented by local curricula that are finalized by municipalities. The guidelines for the new curriculum framework highlight the following key aspects.
•
The student is an active participant.
Learning together stimulates students' creative and critical thinking and problem-solving skills and their ability to understand different points of view.
• Student-centeredness involves doing things alone and together, as well as the thinking, planning, investigating and versatile assessment of these processes.
Quick interpretations reveal features of this curriculum that pertain to student-centeredness.
• Student-centered learning puts students' interests first and acknowledges that student ideas are central to the learning experience.
In a student-centered classroom, students choose what they will learn, how they will learn it and how they will assess their own learning [24] .
The new Finnish curriculum also emphasizes the use of inquiry-based approaches as part of phenomenon-based learning. The use of inquiry-based approaches was also a recurring theme in the previous Finnish curriculum [1] , which remained partially implemented in the autumn 2016 semester and was finally completely replaced by the new curriculum in 2017. Parties not involved in the curriculum's creation may find it difficult to conceptualize and thus implement the different layers of the curriculum [25] . This issue has been thoroughly considered by the people preparing the renewed Finnish National Core Curriculum, and is the reason local municipalities and teachers have been given the responsibility of finalizing the local curricula.
In Hong Kong, the junior science curriculum is now undergoing a minor revision and a provisional draft for the new curriculum is available online [26] . This new curriculum supplements the Science Education KLA (Key Learning Area) Curriculum Guide, which is used for both primary and secondary levels. The new document provides only the rationale, aims and learning targets of the curriculum and the curriculum framework. The teaching strategies and assessment strategies are now under revision. This updated curriculum is similar to the current curriculum, which was first implemented in 1998. The new updates highlight some recent trends in science education such as STEM education and language across the curriculum. The major goal is unchanged, which is to develop 'the necessary scientific and technological knowledge and skills to live and work in the 21st century' in the lives of students ( [26] (p. 1); [27] (p. 2)). Compared with the pre-1998 curriculum, there has been a significant reduction in science content in both the current and new curricula. It is noteworthy that in both curricula teachers are expected to use investigative approaches in their science lessons, and that students are expected to be involved in 'defining problems, designing experiments to find solutions, carrying out practical work and interpreting the results' [27] (p. 4). It is believed that students will learn science content, inquiry practices and the nature of science through their engagement in scientific investigations. Although the sections on teaching and assessment strategies are still under revision, it is believed the recommended strategies in the new curriculum will be similar to those in the current curriculum. In terms of teaching strategies, teachers are encouraged to use 'student-centered and interactive approaches' that can stimulate higher-level thinking in students [27] (p. 15). Assessments should also be designed in a way that requires students 'to think and work actively' [27] (p. 129). In sum, the pre-1998 content-focused science curriculum has been transformed into one that puts less emphasis on canonical science content and more emphasis on developing students' scientific skills (e.g., learning scientific methods and problem-solving skills) and generic skills (e.g., communication skills).
Looking across the changes in the curricula, several trends can readily be identified. First, the curricula goals seem to have expanded from the mere transmission of scientific content to the development of scientific skills/inquiry practices to prepare students for their future needs. Second, the active role of students has been emphasized: students are expected to participate actively in the learning process. Third, the traditional transmission mode of teaching is being discouraged, and an inquiry-based approach is being advocated. These general trends mirror the global trends in science education.
Theoretical Background to Student-Centeredness and Dialogicity
It is interesting to note that whilst inquiry-based approaches tend to overlook the dialogic aspect of science teaching and learning [28] , the main idea of inquiry as engagement-, problemand evidence-based activity [29] (p. 25), in many ways, is related to the fundamental ideas of dialogic teaching [30] . The depth of understanding offered by dialogic and communicative approaches concerning the complex interactions of science teaching and learning complements an inquiry-based approach. Furthermore, including dialogicity in science education addresses concerns about the lack of openness in inquiry-based approaches. This means that learners are working towards predetermined outcomes, as if they were following a prescribed recipe [31] .
The quest for dialogicity in this study draws on two scholarly descriptions: those of Alexander [18] and Mortimer and Scott [10] . Alexander's [18] principles for dialogic teaching are as follows:
• Collective: the teacher and pupils jointly participate in learning as a group or as a class.
•
Reciprocal: teacher and pupils listen to each other, share ideas and consider alternative views.
• Supportive: pupils can present their ideas freely without fear of being incorrect.
• Cumulative: the teacher and pupils develop their ideas together, jointly constructing knowledge.
• Purposeful: the teacher plans and guides the discourse, paying attention to educational goals while paying attention to the preceding principles.
Alexander [18] sees dialogic teaching as applicable to the whole teaching process; in this view, classroom dialogue builds on previous contributions and is aimed in a specific direction. In contrast, Mortimer and Scott [10] make a clearer distinction between authoritative and dialogic approaches in the science classroom. This aligns with Bakhtin's [6] idea of giving space to different voices and ideas. Although science teaching cannot be considered solely dialogic, mutual appreciation of everyday ideas should be present for example when opening up problems [32] .
The framework for Mortimer and Scott's [10] communicative approach differentiates the typical transmission modes of teaching from modern classroom interactions in which students are given the freedom to, for example, describe, compare, classify and argue while taking part in discussions. Their framework for describing classroom discourse consists of four categories combined in two dimensions: interactive/non-interactive and authoritative/dialogic. Interactive talk allows students to participate, whereas non-interactive talk is a type of lecture. The dialogic approach takes account of diverging ideas, whereas the authoritative approach focuses on a specific point of view, usually the scientific view, controlled by the teacher:
In the question-answer routine of the authoritative and interactive approach, students' responses are often evaluated and the teacher neglects diverging ideas. The authoritative approach focuses on the scientific point of view.
In contrast, the dialogic and interactive approach explores and exploits students' ideas (e.g., everyday views) and has no evaluative aspect. The dialogic approach is considered when the teacher is not trying to assert a specific point of view. Rather, the teacher works with contrasting views.
In the authoritative and noninteractive approach, the teacher presents scientific content through lectures and takes no account of contrasting points of view.
In the dialogic and noninteractive approach, the teacher works with contrasting points of view, such as students' everyday views, and moves on to present the scientific view. Thus, although the teacher is lecturing, divergent ideas are being discussed.
In summary, teachers can adopt communicative approaches that acknowledge different voices and ideas (in this way adhering closely to the core characteristics of dialogic teaching), or they can lean more authoritatively towards the scientific point of view to steer learning in the desired direction. In both cases, the teacher will ideally nurture sociocultural principles and the essential role of language in learning. In the Mortimer and Scott [10] framework, in violation of Alexander's [18] principles, the dialogic approach is seen as having its own space in classroom discussions, within which different, authentic and even inchoate ideas may emerge. These can be addressed more authoritatively only at a later stage.
Accordingly, it can be understood that meaningful science teaching requires the teacher to create space for different views and then to be able to use these different views when subsequently moving towards scientific conclusions via a more authoritative approach [32] . Reflecting on the preceding notions, it is apparent that dialogic and dialectic (authoritative) processes can both be present in meaningful science classroom interactions [33] . This dualism is implicitly present in fundamental principles of education. As described by Wahlström [34] .
The mission of education is to introduce specialized and abstract knowledge to the students, but it is also to make them reflect on this knowledge, and to elucidate different opinions of the consequences of the knowledge of nature and social life and its connections. Hence, forming an opinion, reflecting, or analysing, is not a private capacity but a common activity, which brings new knowledge into the classroom alongside with that formulated in a textbook, and it is the students, together with the teacher, who are the partakers in such a genuine discussion-not aiming at reaching consensus but at elucidating differences. [34] (pp. 437-438)
This quotation suggests that school is not about transferring a common knowledge; rather, it is about understanding, for example, the differences between everyday and scientific views and being able to communicate these differences together. It is not only the voice of the teacher that conveys the scientific 'truth' in classrooms; students' ideas, which echo the everyday experiences and ideas of their social situations, are just as truthful [20] (p. 19). Dialogicity has been explicitly acknowledged in educational policy in the United Kingdom [20] .
Although the different theoretical grounds and rivalry between Alexander [18] and Mortimer and Scott's [10] descriptions of dialogicity have been pointed out, the focus is not on their differences, but rather on identifying how these two approaches have been adopted and adapted in the real dialogic classroom interaction examples.
Action Indicators for Dialogicity
A typical form of science teaching is an interaction initiated by the teacher, followed by a student response, followed by teacher feedback [35] . This three-turn pattern of talk is also known as the IRF pattern of discourse, where 'I' stands for the 'initiation by the teacher' (such as a question), 'R' for the 'response by the student' and 'F' for the 'feedback (or follow-up in more general descriptions) by the teacher' [36] . In addition to the nature of questions [37] , the nature of teacher feedback (F) is considered an essential element in activating student thinking and reasoning, particularly when feedback extends beyond evaluation [38] .
A more recent derivation and extension of the triadic talk pattern is the IRFRF (This is congruent with the IRPRP pattern (in which P stands for prompt) originally introduced by Scott, Mortimer and Aguiar [39] chain in which student responses are followed by the teacher directing the turn back to the learners without an evaluation. For instance, the teacher may elicit students' points of view and then prompt the students' further thinking instead of evaluating their responses [39] . Chain-formed patterns have the potential to engage students in more interactive teacher-student interactions, especially through supportive feedback [40] . Thus, chain patterns often hold the promise of promoting a dialogic approach especially through supportivity.
Limited studies address how curricular guidelines are implemented in practice, few have addressed whether dialogic principles exist in curricula and how they could actually manifest in real classrooms [20] . Alexander's [18] descriptions are seminally adapted to the more microscale analysis and interpretations appropriate for foregrounding the link between themes in curricula and real examples. As Mortimer and Scott's [10] framework has proved its strengths in finding and interpreting dialogic interactions, especially in science classrooms, it complements the methodology.
Purpose of the Study
The following objectives are addressed:
• Detecting and pointing out dialogic themes in the school science curricula of Finland and Hong Kong; and
•
Illustrating classroom examples of dialogic teaching in relation to the themes identified in curricula.
The first research aim sheds light on whether student-centeredness, and especially dialogicity is present in science curricula of Finland and Hong Kong. Despite a general impression of curricular documents focusing on content and context, we hypothesize that pedagogy is taking place through the current reforms. In this study, this is addressed with focus on dialogicity. Within the second research aim, this study provides further insights into explicit ways for using dialogicity to present and convey student-centeredness. We show that dialogicity is possible in science classrooms and in different cultures despite challenges acknowledged with dialogic implementation [41, 42] . However, we cannot build causal link between curricula and practice here, yet the insights explored are used to discussion on this matter so that dialogicity would become more everyday than infrequent.
Methods

Context
The selected curricular documents refer to the same age groups and subject (i.e., physics). However, the teacher and video examples illustrate specific features of dialogicity, and were selected to reflect the thematic analysis of the curricular documents and related discussions.
The initial video analysis and identification of dialogic examples in Finland was based on the communicative approach framework presented previously [10] . After an initial analysis, only a few possible dialogic episodes were found and therefore used as the action examples. The examples from Hong Kong have been reported elsewhere [43] , as an example of a reform-advocate teacher who encourages pupils to talk. One episode from this teacher's class was selected as a dialogic example. Thus, this study considers one case from each country to demonstrate how student-centeredness and dialogicity [18] could take place even in the prevailingly authoritative context of school science. Although we acknowledge that dialogicity is extremely infrequent, the examples show that it still is possible in real classroom settings.
Data Collection and Analysis
Curricular documents and chapters were selected based on the following criteria: they were from the physics curricula for ages 12-15, thus context and content was also known by the authors. The classroom interaction examples discussed in this study were drawn from the data of several projects investigating different forms of classroom interaction. The overview of the initial data set as well as resources for the curricular material can be found in Appendix A.
Curriculum mapping: Thematic Analysis of the Curricula
We adapt an approach from Lavrenteva and Orland-Barak [44] (originally modified from the framework introduced by Ben-Perez [45] ) to classify the themes. The major themes are divided theoretically into student-and teacher-based dimensions.
The teacher-based theme is further divided into pedagogical and instructional dimensions, according to the following subcategories.
•
The term pedagogical here refers to classroom actions and approaches that teachers implement during teaching. Pedagogical approaches may take place inside the instructional setting (e.g., acknowledging students' prior/everyday views within inquiry-based learning).
•
The term instructional here refers to educational models, predesigned settings or educational strategies through which teaching and learning takes place (e.g., inquiry-or phenomenon-based learning, scientific argumentation, scientific modelling).
More generally, instructional strategies are used to cover the various aspects of sequencing and organising content, specifying learning activities and deciding how to deliver content and activities [46] .
Although the focus in the interaction examples is on teacher-orchestrated interactions, the student dimension is used to validate the thematic approach and to see how both dimensions emerge from the curricular data. The framework we use for the student dimension in dialogicity is primarily based on Mercer's [47] descriptions of cumulative and exploratory talk, which are briefly described in Table 1 (As disputative talk, in which students neglect diverging and competing views, does not fundamentally resonate with dialogicity, it is not included.). The description of exploratory talk coincides with the idea of purposefulness: in addition to considering different points of view, students should be critical and constructive during collaborative activities. Table 1 . Theory-derived themes used in the analysis of the curricular documents.
Themes for dialogicity
Collectivity: Teacher should enhance instructional and pedagogical activities that foster collectivity, e.g., teacher-orchestrated discussions [18] (Theme Aa/b1). A = Teacher-based dimension; a = pedagogical; b = instructional
Reciprocality: Teacher and students should listen to each other during discussions, share ideas and consider alternative views [10, 18] (Theme Aa/b2).
Supportivity:
Teacher should support and prompt students further in their thinking. Students should not fear being wrong; instead, all ideas are welcomed [10] (Theme Aa/b3).
Cumulativity: Teacher should consider students' points of view when foregrounding scientific explanations [9] (Theme Aa/b4).
Purposeful: Teacher should plan and guide activities while paying attention to scientific processes and strategies with the explicit presence of educational goals [18] (Theme Aa/b5).
Collectivity: Student should engage in problems collectively and communicate with peers, e.g., during authentic inquiry or other instructionally organized settings [18] (Theme B1). B = Student-based dimension Reciprocality: Students should listen to each other without disputation [47] (Theme B2).
Supportivity: Students should listen to each other respectfully. Different ideas are welcomed and encouraged by others without disputation [47] (Theme B3).
Cumulativity: Students should build on what has been said and think about how inquiries have helped to clarify the knowledge (note: without criticality, this process does not meet the requirements for exploratory talk as described in [47] ) (Theme B4).
Purposeful: Students should meaningfully engage in problems and phenomena and also pay attention to argumentative strategies (cf. Mercer's exploratory talk) and methods instead of making hands-on inquiries step by step. Students should implement versatile assessments during the process (Theme B5).
In summary, the themes originate from recent descriptions of student-centeredness [2] and from descriptions of dialogicity [10, 18] . Although the identified themes are mainly based on Alexander's [18] definitions, the specific nature of science classrooms require the complementary use of Mortimer and Scott's [10] descriptions of dialogicity (see supportivity and cumulativity) The development of themes, therefore, is more data-based than grounded (An example of a grounded thematic approach can be found in Voogt and Roblin's [17] comparative study. Curriculum mapping was conducted with Atlas.ti data analysis software, which is widely used in qualitative studies.
Classroom Reality-Exploring Student-Centeredness in Whole-Class Teaching
Following Alexander [18] , we acknowledge that all of these dialogic features should be present and interwoven into all classroom interactions. Some studies have addressed the explicit difference between dialogic principles [19] , yet further explication is needed. To address this gap, we highlight only one principle characteristic for each case.
The selection procedure. In this study, the initial selection of the cases requires identifying dialogic episodes in the video dataset. Each episode consists of an entity consisting of an activity, topic or communicative approach [21] . Two dialogic episodes, one from each country, were confirmed through a triangulation process among the researchers. The process for identifying a dialogic episode is discussed in detail in the findings section.
The analysis. Although the communicative approach has been useful in categorising classroom interactions, it is not sufficient for categorising curricular descriptions. This study analyzes the selected dialogic examples using dialogic indicators [19, 48] derived from Alexander's dialogic teaching framework, presented in Table 1 , to understand how the curricula are manifested in the classroom. Our interpretations of the classroom interactions follow the general principles of sociocultural discourse analysis [6] . This approach is less focused on language itself and more focused on the functions language serves in joint activities.
Trustworthiness. To ensure the validity of the findings, the authors triangulated their research throughout the study process [49] . The interpretations of the case examples were first individually interpreted by the first and second authors and then evaluated by the third and fourth author. Differences were discussed among all of the authors until a consensus was established.
Findings
Curriculum Mapping: Thematic Analysis of the Curricula
The thematic analysis is presented in Table 2 . An example is provided for each dialogic theme from each country when a theme is found and coded. The frequency of the occurrences is presented after each example.
Comments: The results of the thematic analysis reveal that some features of dialogicity are present in the curricula of Hong Kong and Finland.
Regarding the specific features of dialogicity [18] , interestingly, one clear reference for supportivity is found in the renewed Finnish curriculum [2] : "The work process is guided through constructive feedback and questions. Supporting feedback fosters especially the development of inquiry skills and building of motivation" (Translated from [2] (p. 391)). This is the only, yet clear, reference to supportivity: teachers should enhance student learning through feedback. Thus, the renewed curricula can be said to address student-centeredness. In addition, new features include an emphasis on individual learning and the use of ICT in physics inquiries.
Cumulativity can be considered the unifying point between the previous curricula of Hong Kong and Finland. Both the teacher-and student-centered dimensions acknowledge that learning should build on students' previous knowledge and experiences. However, cumulativity is missing from the renewed curricula of Finland and Hong Kong. In the case of Hong Kong's supplementary curriculum, there are fewer references to dialogic features in the new curriculum, as the chapter 'Notes on teaching strategies' [27] (p. 15) is not included in the supplement. As mentioned previously, the older version is still valid for those parts not renewed.
What is distinctly present in the Hong Kong curricula is purposefulness in both teacher and student dimensions: 'teachers should choose appropriate teaching methods' [27] (p. 15); 'students should . . . choose an appropriate means of communication to suit the purpose' [27] (p. 17). In relation to purposefulness, a specific feature of the Hong Kong curricula is encouraging teachers to use scientific argumentation, which can be considered a pedagogical approach that addresses both the epistemic and content strands of science teaching and learning [50] . One distinct description underpinning this view can be found in the earlier curriculum [27] : "The discussion of effects of radio waves on health introduces the idea that scientists may disagree among themselves due to their different interpretation of facts. Students should distinguish between claims and arguments that are based on scientific considerations and those that are not" [27] (p. 120). This explicit reference to the fundamentals of scientific argumentation is unique in the data explored for this study. 'The starting point for physics is the pupils' prior knowledge, skills, and experiences, and their observations and investigations for objects, substances, and phenomena in the nature.
From these, the instruction progresses towards the laws and fundamental principles of physics.' (2004: Aa4; n = 1); (Ab4; n = 0)
'Teachers are also encouraged to adopt a variety of approaches in their teaching and incorporate ideas as well as materials from social issues and everyday experiences of students.' (1998: Aa4; n = 2) 'Investigations should use concepts which are familiar by their everyday use or by previous learning. The conceptual demands will therefore increase as students grow older.' (1998: Ab4; n = 2) Aa/b5: Purp.
'The purpose of the experimental orientation is to help the pupils both to perceive the nature of science and to learn new scientific concepts, principles, and models; to develop skills in experimental work and cooperation; and to stimulate the pupils to study physics.' 
Examples of Dialogic Interactions in Science Classrooms
Example 1: Finland-Fostering Cumulativity
The topic of the Finnish example (Table 3) is electricity, specifically electrical power. This episode begins as the students stop their group work and the teacher recaps the first steps of the experiment and begins to inquire about the students' observations. Confirming the dialogic and interactive approach. We begin our interpretation by drawing specifically on the teacher's follow-up moves as central indicators of a dialogic/interactive approach. In this episode, the teacher does not evaluate the student responses (e.g., turns 5, 7 and 9). Instead, he asks for alternative observations (turn 5) and further explanations (turns 9 and 11), prompting the students further. More generally, these turns are considered prompts to initiate more thoughts or encourage others to participate. In turns 16 and 17, the teacher also gives the students the opportunity to formulate and freely express their responses without interruption and allows an exceptionally long wait time in turn 18. Within turns 16 and 17, the student responses reveal typical misconceptions about the nature of electric current. The teacher seems to consider it important to not correct these responses at this point. Instead, the teacher expresses appreciation for the students' explanations and moves on to the concept of power (turn 18). All in all, this episode is an example of an 'idea-sharing' [51] (p. 75) discussion in which the teacher validates students' responses through recognition rather than evaluative feedback. This episode can be considered as dialogic because it meets the following criterion:
•
The presence of dialogic indicators, such as prompting for further explanations and providing neutral feedback constitute a dialogic and interactive episode.
Indicators for cumulativity. The teacher closes down the discussion in turn 24 and moves on to the next episode in which the teacher demonstrates, for example, what happens to the current when the electric drill is obstructed. In this way, the teacher clarifies the misconception previously revealed by students 4 and 5. Based on our analytical framework, it can be argued that this episode includes the cumulative consideration of ideas. The teacher is not merely collecting student responses; instead, he builds on what has been done and said (e.g., 'OK. What does it mean then when . . . ?') and leaves the discussion open, but ready for closure in the following authoritative episode (e.g., 'well, let's see . . . ').
Based on the preceding discussion, the episode can be considered to have cumulativity (see Theme A4 in Table 1 ) according to the following indicators:
• Supportive consideration of pre-experiences gradually narrows towards more scientific definitions (turn 18) of electrical power, signalled by the teacher-directed initiation and prompts finally closing the interactive episode; and • Not only are pre-experiences collected during the dialogic episode, they also provide the foundation of the forthcoming episode in which the teacher more authoritatively weighs the observations during the teacher demonstration.
Example 2: Hong Kong-Balancing Dialogicity and Purposefulness
This is a Form 1 (Grade 7) integrated science lesson. The original lesson is the first half of a double lesson. The example (Table 4) episode begins with the teacher responding to a student's wonderment question about the amount of salt to be used in the experimental inquiry: 'How much salt do we add to make the egg float?' Confirming the dialogic and interactive approach. After responding to a student question in turn 1, the teacher opens up space for a discussion of everyday contexts. Although the question is open, the Dead Sea example is expected. This answer, however, sets the ground for the following discussion during which the teacher, through counter-argumentation [50] in turn 9, pushes students to think a bit more deeply.
In turn 16, the teacher steers the discussion towards closing down the whole-class discussion and raises the question of whether sugar can make things float (i.e., ' . . . how about a sugar sea?'). The teacher splits students into groups that agree or disagree with the hypothesis. This is a typical approach for establishing argumentation based on observations and data gathered during inquiries. Even if it is not explicit, this episode can be considered dialogic and interactive due to the following actions:
The teacher prompts students to offer views about everyday phenomena before shifting the focus towards the inquiry; •
The teacher encourages students to share their ideas and provides supportive feedback (turn 13) after challenging student(s) through counter-argumentation; and • Throughout, the teacher explicitly refers to student 1's explanation when reviewing the Dead Sea example. (Turn 13; This is congruent with the dialogic and noninteractive approach on a microscale.)
Indicators for purposefulness. This episode links the previous (assignment of inquiries) and forthcoming (inquiry-phase) episodes meaningfully together. The teacher opens up the floor for student inquiry, adopting the structure of an Argument-Driven-Inquiry (ADI) [52] and dialogic inquiry-based learning [42] . The common point for both approaches is that pre-existing ideas are considered before the actual inquiry phase.
For the following reasons, we consider this episode to incorporate purposefulness (see Theme A5 in Table 1 ).
• Although it is raised by a student, the everyday example of the Dead Sea is probably a pre-planned example to set the stage for more open discussions.
•
The teacher shows awareness of students' misconceptions about buoyancy and density and uses students' conceptions to probe the ideas further. This is signalled through provocative follow-ups (Turns 7 and 9).
The teacher ends the discussion with a question (Turn 16: 'Can sugar make it?') to set the ground for the actual inquiry phase.
• Thus, this episode is purposefully linked to the assignment of the inquiry and the actual inquiry phase, displaying both instructional and pedagogical strategies for argumentation [53] and dialogic inquiry [42] .
Discussion
The first aim of this study is to explore how student-centeredness is featured in the science curricula of the two case study countries. First, we use the established principles of student-centeredness and dialogicity to derive themes common to student-centered approaches.
These themes are used to analyze the science curricular documents of Finland and Hong Kong. Then, drawing particularly on definitions of dialogicity, we identify examples of real classroom student-centered interactions. Thematic analysis of the curricula reveal features of student-centeredness, yet dialogicity is only present in the curricula of Finland and Hong Kong. Although the infrequency, and even absence of dialogicity, might be expected, we see the found examples as indicators when it comes to the integration of pedagogy in to curricular documents.
Different aspects of dialogicity are illustrated in the classroom examples. The Finnish example demonstrates cumulativity and the Hong Kong example demonstrates purposefulness. Each example illustrates one of Alexander's [18] specific principles of dialogic teaching. We acknowledge that many features are interwoven into these examples; however, the interpretations and analyses highlight the different curricular emphases.
The episode from the Finnish lower secondary classroom demonstrates how a teacher can collect student observations to set up the next stage of inquiry. This is an example of cumulativity, as it uses student ideas as the basis for developing more scientific explanations. The teacher in this example explicitly acknowledges student ideas, thus attaining dialogicity. This is rarely found in Finnish science classrooms [21] .
The teacher in Hong Kong demonstrates the purposeful use of different interactional and instructional approaches, such as argument-driven inquiry (ADI) [52] . First, the characteristics of the task are discussed and the students' interest in the problem at hand is raised, which is congruent with the first phase of the ADI model and brings strategic purposefulness to the classroom interaction. There can be, however, a thin line between authoritative and dialogic approaches [39] , which is realized here, as the purposefulness partly hinders the authentic dialogism. In other words, although the questions open up space for students' authentic wonderment questions and collective idea sharing, the teacher's provocative and almost directing follow-ups signal the goal-oriented nature of the interaction. In a way, the teacher exploits and challenges the students' ideas as a starting point their inquiries.
In addition to dialogic features presented we think that supportivity, as obvious as it may seem, plays an essential role in breaking down the prevailing authoritative norms of interaction [48] . It is through supportivity that teachers can go beyond right and wrong and practice student-centeredness and dialogicity. Giving weight to these softer values could significantly improve student motivation in the long term [13] , as students become aware that their efforts are being truly acknowledged as a part of creating classroom science. Nevertheless, supportiveness is not explicitly discussed in the two curricula examined. Although this is partly understandable, we think the explicitness could finally drive changes in teacher education programs, local curricula, text books etc. The lack of supportiveness is especially worrying, as teacher supportiveness is an essential part of student-centeredness: it provides a means for bringing dialogicity and formative assessment into the classroom [54] . Studies have found that teacher supportiveness facilitates students' disclosure of their thinking [55] (p. 552), mediating the ownership of scientific knowledge.
Implications, Limitations and Future Research
The absence or presence of characteristics of dialogicity in curriculum documents cannot be causally linked to the absence or presence of those characteristics in classroom interactions. Furthermore we couldn't provide illustrative examples of all the principles in both curricula and interactions in this manuscript (see [48] for more classroom examples).
Although it may seem that national policy statements are not the best sources for studies of pedagogy, it should be asked what policy statements are for if not to influence practice. As we cannot confirm teacher intentions here, we propose that the classroom examples represent features of dialogicity that are attainable and explicitly illustrate the interplay between curricula and classroom interaction. This fusion should take place at the levels of principle, strategy and indicator [18] .
As discussed, curricular policies may not manifest in classrooms due to the poor communication between curriculum developers and teachers [25, 56] . There are some indications that involving municipalities, schools and teachers in local curricula work has bridged this gap in Finland [57] .
Currently, curricular documents provide some suggestions for instructional strategies, but more pedagogical aspects should also be included. Despite the doubts about how curricular documents can be implemented [25] , some studies have reported that curricular derivatives (e.g., school textbooks reflecting curricular guidelines) can encourage implementation [16] . Of course, in addition to curricula and textbooks, student-centeredness should be covered in teacher education [42] , often reflecting current trends. There is evidence that even reform-prepared novice teachers feel they are not prepared to face classroom realities [58] . Experienced teachers, who tend to teach in the way they have become accustomed, should also be encouraged to update their education to create more reform-oriented schools [59] .
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